
4

d “--

s!

z

1
a

,.

“}

NATIONALADVISORYCOMMITTEE
FORAERONAUTICS

TECHNICAL NOTE 3645

WIND-TUNNELINVESTIGATIONOFEFFECTSOFFUSELAGE

CROSS-SECTIONALSHAPE,FUSELAGEBEND,ANDVERTICAL-TAIL

SIZEONDIRECTTONALCHARACTERISTICSOFNONOVERLAP-T’’YPE

HELICOPTERFUSELAGEMODELSWITHOUTROTORS

ByJamesL. Wil&ms

LangleyAeronauticalLakgratory
LangleyField,Va

Washington
March1956

AFMDC
-...

r--- . : -:

. .

,



TECHLIBRARYKAFB,NM

v

.

NATIONALADVISORYCOMMITTEEFORAERONAUTICSI!lllllllllllullllllll*
DOLb41Cl

TECHNICALNO!1333645

WIJ!iD-~ INVESTIGATIONOFEFFECTSOF FIHZLAGE

CROSS-SECTIONALSHWE, FTE%GAGEBEND,ANDVEHl?ICAL-TAIL

SIZEON DIRK?TIONALCHARAC’lIUUSTICSOF NONUERIAP-TYPE

HELICOPTERFWELAGEMODELSWITHOUTROTORS

By JsmesL. Williams

SUMARY

A low-speedinvestigationwastie b theLangleystabilitytunnel
b todeterminethedirectionslstabilitychsracteristicsoftsndemnonoverlap-

typehelicopterfuselsgeswithoutrotors.Theinvestigationconsistedof
a studyofbothbentandstraightfuselageshavingeithercircularor

h essentiallyellipticalcrossSectionsendwithtwovertical-tailsizes.

Theresultsofthisinvestigationindicatethata straightfuselage
withcirculsrcrosssections,ingeneral,had.a morenesrlylinesrvsri-
ationofyawing-momentcoefficientwithangleof sideslipanda smaller
vsriationofdirectionalstabilitywithangleof attackthanthebentand
straightfuselagemodelswithellipticalcrosssectionsenda bentfuse-
lage~th a circularcrosssection._@ thecross-sectionalshape
fromellipticalto circulsrresultedina morenearlylinesrvariationof
yawing-momentcoefficientwithsingleof sideslipanda smallervsriation
ofdirectionalstabilitywithangleof attack.Addingthebendinthe
fuselage,ingeneral,madetheadverseeffectsof flatteningthefuse-
lagecrosssectionmorepronounced.Thebasictwinverticaltails,each
havingan .sxeaof ~.n squareinches,didnotprovidedirectionalsta-
bilitythroughoutthesngle-of-attackrangeforanyofthemodelsinvesti-

gated;however,twinverticaltailsofabout

a substantialtiprovementinthedirectional

~ ttiesthisareaprovided

stabilityforallmodels.

INTRODUCTION

Theresultsof flighttestshaveshownthata tsndemnonoverlap
typeofhelicopter(ahelicopterwithnonoverlappingrotors)witha bent-

b fuselageformanda relativelydeepellipticalnosesectionwasd.irec-
tionall.yunstableatpositiveanglesof attackandthatthisinstability

%



2 NACATN 3645

wasparticularlyundesirableintheautorotativeandpartial-pawer-descent?
flightconditions(ref.1). A wind-tunnelinvestigation(ref.2)ofa
modelofthishelicopterconfiguration,withoutrotors,hasshownthat
thedirectionalstabilityofthefuselagevarieda largeamountwith

“

singleof attackandthatthisvariationofdirectionalstabilitywas
associatedwiththerateof changewithsideslipangleof an asymmetric
trailingvortexsystemthatexistedonthefuselage.Thesecharacter-
isticsarenotcommonlyencounteredwithstraight,relativelycircular
fuselsgesusedforairplanes. —

Theuseof spoilerssround.thenoseofthefuselageresultedinan
improvementinthedirectionalstabilitycharacteristicsofthisconfig-
urationbyreducingtheunstableyawingmomentobtainedwiththefuselage
alone.Thesespoilers,of course,resultedinan increaseindrag. —

Sincethebendinthefuselageofthenonoverlap-typehelicopter
maybe necessaryforrotorandgroundclearance,an experimentalinvesti-
gationwasmadeintheLangleystabilitytunnelinorderto determinethe
relativeinfluenceofthefuselagecross-sectionalshapeandfuselage *
bendonthedirectionalstabilitycharacteristics.AS fitheinvestj.ga-“
tionofreference2,thesemodelsweretestedwithoutrotors. d

Thepresentinvestigationconsistedinthemeasurementsofthe
aerodynamicforcesandmomentsthroughouta rangeof sideslipanglesat
fouranglesofattackforthemodelsbothwithouttailsandwithtwo
sizesoftwinverticaltails.Thefuselagemodelsusedinthisinvesti-
gationwere: a bentfuselage(fuselage3 ofref.2),a straightfuselage
withessentiallyellipticalcrosssectionatthenose,andbotha bent
fuselsgeanda straightfuselagewithcticulercrosssections.Allfuse-
lageshad,ingeneral,thesamelongitudinaldistributionof cross-
sectionalarea.

SYMBOLS

Thedatapresentedhereinarereferredtothewindsystemofaxes
withtheoriginattheassumedcentersofgravityofthefuselages.The
positivedirectionsof forces,moments,andanglesareshowninftie 1.
Thesymbolsandcoefficients

A vertical-tail

b vertical-tail

Et vertical-tail

6mployed&redefi~edasfollows: -

aspectratio,b2/St

height,ft

meanaerodynamicchord,ft



vertical-tail

3

chord,ft

distancebetweenverticaltails,ft

distsncebetweenrotorhubcenters,4.23ft

taillength(distancefromcenterofgravityto et/k of
verticaltailmeasuredpsrallelto fuselagereference
line),ft

totalrotordisksxea,26.39sqft

areaof oneverticaltail,sqft

tailthickness,ft (seefig.3)

free-streamvelocity,ft/sec

dynsmicpressure,@, lb/sqft
2

massdensityofati,slugs/cuft

angleof attackoffuselsgereferenceline,deg

sngleof sideslip,deg

vertical-tailtaperratio

drsgcoefficient,~
q=d

Sideforceside-forcecoefficient,

yawing-moment

yawing-moment

q=d

Yawingmomentcoefficient,
q=dl

coefficientattributabletoverticaltail
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cl rolling-momentcoefficient,Rollingmoment
q~dl

NACATN 3645

Cnp,t = (% )(
forfuselagewithtail - c% forthefuselagealone

)

Componentdesignations:

T1 tail1 (tail5 ofref.2),(seefig.3)

T2 tail2 (seefig.3)

F1}F2YF3}F4 fuselages1, 2,3,and4,respectively(seefig.2)

MODELS,APPARMYB,ANDTESTS

Thenonoverlap-typehelicopterfuselagemodelsusedinthisinvesti-
gationwere madeof laminated’mahoganyad areshowninfigure2. These
modelsaredesignatedhereinas:

FI) bentfuselagewithbasiccrosssectionreferredto hereinafteras
elliptical

F2J bentfuselagewithcircularcrosssection

F3) straightfuselagewith

F4> straightfuselagewith

ellipticalcrosssection

circularcrosssection

●

—

Eachfuselagehadthesanecross-sectionalshape(eithercircularor
elliptical)throughoutwiththeexceptionoffuselageF1 wherethe
ellipticalsectionbecomessomewhatdistortedrearwsrdofthecenterof
gravity.Allfuselsgeshadapproximatelythesamelongitudinaldistri-
butionof cross-sectionalarea.Thesefuselageswerethesamelength
as fuselage3 of reference2 whichwasa l/10-scalemodelof a present-
daytandem-helicopterfuselage.Thevertical.tailsT1 and T2 (fig.3)

(
usedinthepresenttestsweremadeofl/4-inch-thickplywoodT2 had d

f
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)approximately2*ttiestheareaof T1 . Photographsofthetestfuse-
. lsges with T1 arepresentedasfigure4. ConfigurationF5T2 is

shownmountedona supportstrutinfigure5.

Themodelsweremountedrigidlyto a singlestrutsupport,ata
pointmidwaybetweentherotorhubs,inthe6-by6-footsqusxetestsec-
tionoftheLangleystabilitytunnel.Theforcessndmomentsweremeas-
uredbymeansof a six-componentmechanicalbalancesystem.

Exceptfora fewcases,alltestsweremadeata dynamicpressure
of 39.7poundspersqusrefootwhichcorrespondsto a Machnumberof
about0.17.ThetestReynoldsnumberwas5.50x 106basedontheoverall
fuselagelength.Tlrreetestswiththe F2T2 configurationweremadeat
a dynamicpressureof 24.9poundspersqme footwhichcorrespondsto
a Machnumberof about0.13anda Reynoldsnumberof 4.36x 106. The

& anglesof sideslipinvestigatedforallconfigurationsrangedfrom
about-250to 25°at anglesofattackof -no, -1Oo,10o,andno. The
horizontaltailwassetatenangleof incidenceof approximately90 fork alltail-ontests.

CORRECTIONS

Thedataobtainedinthisinvestigationwerenotcorrectedfor
support-strutinterferenceorblockageeffectswiththeexceptionofthe
bag coefficient,whichwascorrectedonlyfortares.Shgeneral,previ-
oustestshaveindicatedthatthesecorrectionsarenotimportanttothe
interpretationoftheseresults.

RESULTSANDDISClB510N

PresentationofData

Thebasicdataintheformofyawing-momentcoefficientsplotted
againstj3 srepresentedinfigure6 forthefuselageswithtail1 (Tl),
infigure7 forthefuselagesalone,infigure8 fortheisolatedtail
(Tl) andthecontributionofthetailtotheyawing-momentcoefficient,
ad infigure9 forthefuselageswithtail2 (T2).A plotofthedirec-
tionalstabilitypsmmeter

%
(measuredthroughj3= 0°)againsta

s forthefuselagesaloneandfuselsgeswith T1 and !T~ispresentedas
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figure10. InfigureXl ispresentedthecontributionofthetailsto
thedirectionalstabilityasexpressedbytheyawing-momentcoefficient
ofthefuselage-tailcombinationminustheyawing-momentcoefficientof
thefuselage.Alsopresentedinfigure11we experimentalandcalculated
dataforisolatedtail T1 andcalculateddatafor T2. Thedragcoef-
ficientplottedagainsta ispresentedasfigure12forthefuselages
aloneandforthefuselagestith T1. Sincethepurposeofthepresent
paperistoprovideanevaluationofthedirectionalstability,onlythe
yawing-momentdatame discussed.Theside-forceandrolling-moment
coefficientswerealsoobtatied,however,andarepresentedinfigures13
to 18withoutdiscussion.

DirectionalCharacteristicsofFuselageWithandWithoutT1

Of alltheconfigurationsinvestigated, F4T1 (straight fuselage
withcircularcrosssection)hasthemostnesrlylinearyawing-moment
characteristics(seefig.6)andthesmallestvsriationof c% (measured

throughp = 0°)withangleof attack(seefig.10). ConfigurationF4T1

generallyhadaboutneutralstabilityfortheangle-of-attackrange
investigatedwiththeexceptionof a= 10°. Thesedataindicate,toa
lsrgedegree,thattheverticaltail(Tl)isnotof sufficientsizeto
providemuchdirectionalstability.

An examinationofthedatafortheremainingconfigurationsFIT1,
F2T1,and F3T1 (figs.6 and10)showsthat,ingeneral,F3T1 has
betterstabilitycharacteristicsthaneitherF2T1 or FIT1 sinceits
directionalstabilityvaried,incomparison,onlya smallamountwith
angleof attack.Theresultsforthebent-fuselagemodels(F2T1
and FIT1)showthatthedirectionalstabilityvsriedalarge”amountwith
angleofattack;however,themagnitudeofthiseffectwassmallerfor
F2TI thanfor FITI. (Seefigs.6 and10.)

Theeffectof cross-sectionalshapeontheyawing-momentcharacter-
isticsforthebentandstraightfuselagescanbe seenfroma studyof
figures6 and10. Theseresultsshowthat,forthebentfuselages,
changingfromellipticalcrosssectionto circularcrosssectiongenerally
resultedina morenemly linearcurveof ~ with ~ andlessvariation
of C% withangleof attack.Thiseffect_@fcroqs-sectionalshapeis

similartotheresultsforairplanefuselageswitha deepcrosssection.
(Seerefs.3 snd4.) Resultsforthestraightfuselageswithtail T1
(figs.6(c),6(d),and10)showgenerallya similar,althoughsomewhat

1. —

—

—

—
=. -

.

-.
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c smaller,effectof crosssection.Ingeneral,thebendinthefuselage
makestheadverseeffectofflatteningthefuselsgecrosssectionmore
pronounced.(Seefigs.6and 10.).

Theresults of figures 7 and10 show,ingeneral,thattheeffectof
crosssectionandbendontheyawing-momentcharacteristicsforthefuse-
lagesalonearesimilarto theresultsobtainedforthecompletemodel.
Theuseof circularcrosssectionF2 insteadof ellipticalcrosssection
F1 forthebentfuselagesresultedgenerallyina morenearlylinear
variationof ~ withangleof sideslipp andina smallervariation
of c

%
withangleof attack.Theseeffects,however,weresomewhat

less for the straight fuselages F3 and F4. (Seefigs.7and 10.) A
comparisonofthedataof fuselagesF1 and F3 andfuselagesF2
and F4 indicatesthatnotonlydidthebendcausea lessline= vsri-
ationof ~ withangleof sideslipandincreasethevsriationof

%
4 withsngleofattack,butS3S0thefuselagealonewasdirectionallystable

at certainanglesof attackfora limitedsidesliprangewhichisnot
usuallythecasefora fuselagealone..

Theresults~ffigures8 andU showtkt theWtical tail Tlj
whenmountedon snyofthefuselages,isconsiderablysffectedby adverse
fuselsgesidewash,whichgeners31yresultsina taileffectivenesscon-
siderablysmallerat a givensideslipanglethanthatoftheisolated-
tailassembly.Thesidewasheffectprobablycausestheerraticvariation
ofyawing-momentcoefficientat lsrgeanglesof sideslipforthecomplete
modelwhichisnotgeneraUypresentforthefuselageswithouttail.
(Compsrefigs.6 and7.)

The
% ,t resultscalculatedwiththeaidofreferences5 sad6

fortheisolatedtail(fig.U) areinfairagreementwiththemeasured
results.Thedifferencesbetweencalculatedandmeasureddatamaybe
theresultof failureto incltietheend-plateeffectofthehorizontal
tailinthecalculatedisolatedtailvalues.

DirectionalCharacteristicsof FuselsgewithTail T2

Theeffectof substitutingT2
(
a tailwithabout2Atimesthearea

\ 4

)of T1 inplaceof T1 canbe seenby comparingthedataof figures6
and9. Aswasexpected,thetail T2 resultedina substantialimprove-

s mentinthedirectionalstabilitycharacteristicsforal fusel-emodels;
however,

* sngleof
theerraticbehatiorof-the
sideslip(fig.9)wasstti

yawing-moment-coefficientcurveswith
apparent.
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A studyoftheyawing-momentresultsoffigures6 and9 andofthe
directionalstabilityparsmeterCn

P
fortheconfigurationswith T1

or T2 (fig.10)andthecorrespondingcontributionof T1 smd T2 to
thedirectionalstabilityparsmeter

exceptformagnitude,theeffectof
andtheeffectofbendwhen T2 is
lageswith T1.

I

%,t
(fig.U) indicates

changingthefuselagecross
usedis similartothatfor

that,

section
thefuse-

CONCUEIONS

Theresultsofa low-speedinvestigationintheLsngleystability
tunneltodeterminethedirectionalstabilitycharacteristicsof
nonoverlap-typetandemhelico@erfuselagemodelshasindicatedthe
folJ_owingconclusions: P

1.A straightfuselagemodelwithcircularcrosssection,Ingeneral,
hada morenearlylinesrvariationofyawing-momentcoefficienttithangle “
of sideslipanda smallervariationofdirectionalstabilitywithangleof
attackthanbentandstraightfuselagemodelswithessentiallyelli.pticai

.

crosssectionorthsma bentfuselagewithcircubrcrosssection.

2.Changingthefuselagecross-sectionalshapefromellipticalto
circulsrcrosssectionresultedina morenearlylinearvariationof
yawing-momentcoefficientwithangleof sideslipandina smallervaria-
tionofdirectionalstabilitywithangleofattack.Addingthebendin

—

thefuselage,ingeneral,madetheadverseeffectsofflatteningthefuse-
lagecrosssectionmorepronounced.

3. Twinverticaltails(eachhavinganareaofk6.~ squareinches)
didnotprovidedirectionalstabilitythroughouttheangle-of-attackrange
foranyofthemodelsinvestigated;however,twtiverticaltailsofabout

2~timesthisareaprovideda substantialimprovementinthedirection
4
stabilityforallmodels.

—

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,January19, 1956.

8
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